The cytotoxic action of a series of mineral dusts has been studied using Chinese hamster V79-4 cells obtained from three separate laboratories in the UK. The dusts which have been studied include samples of asbestos from the Union Internationale Contre le Cancer reference series and an internationally available sample of quartz (DQ12). Besides comparing results obtained with the three different cells, two alternative methods of exposing the cells to the dusts were also compared.
Introduction
Chinese hamster V79-4 cells have been used in in vitro studies to assess the cytotoxic potentials of mineral dusts. Fibrous dusts like asbestos, which induce pleural tumors in experimental animals, are relatively toxic to V79-4 cells, whereas nonfibrous dusts like silica, which do not induce pleural tumors, are relatively nontoxic (1) .
The interactions between dust particles and cells which may lead to cytotoxicity occur in several stages and include: attachment to the cell membrane, entry into the cell, movement within the cell and interaction with, or effect on, sensitive target(s). Any one of these stages may be a rate-limiting interaction. Differences in the cytotoxicity of any one dust towards two different kinds of cells may be the result of changes in one or more of the above interactions. Variations in culture conditions and in the method of exposing V794 cells to dusts have been shown to alter significantly the toxicities of some dusts but not others; this has the effect of altering their relative toxicities (1, 2) . For results obtained in independent laboratories. In this paper we report three variables which can lead to discrepancies in assessing both the relative and absolute toxicities of mineral dusts. 
Materials and Methods

Cells
Toxicity Assays
Method A. This method has been described previously (1) . Briefly, a suspension of single cells is dispensed into a series of universal bottles and appropriate volumes of medium or dust suspension added to each. The suspension is mixed by inversion before being distributed into four 6-cm2 diameter Petri dishes. The colonies are allowed to grow without disturbance for 6 days, washed with phosphate-buffered saline, fixed with methanol and stained with Giemsa.
Method B. This method differs from that above in several important respects. The experiments are performed in Dulbecco's MEM as described previously. Cells and dust are mixed together with the use of an electrical suspension mixing machine (Luckham Ltd, West Sussex, U.K.) prior to plating. Twenty-milliliter volumes containing 2000 cells and the appropriate amount of dust are inoculated into three replicate 80-cm2 tissue culture flasks. The colonies are allowed to grow for 4 days, washed, fixed and stained as already described.
The colonies which resulted from both methods were counted by using an automatic colony counter 
Results
Comparison of Different Batches of Fetal Calf Serum
The results obtained from assaying crocidolite and DQ12 by use of three different batches of fetal calf serum are shown in Figure 1 . The absolute toxicities of the two dusts varied from batch to batch and this also affected the relative toxicities of the dusts. It is concluded that some sera allow better discrimination between the fibrous dusts, like crocidolite, and the nonfibrous dusts, like quartz.
Comparison of Methods
Dusts generally exhibited enhanced toxicities if tested by using assay method B rather than method A, but the magnitude of increase varied for different dusts. This is illustrated in Figures 2 With method B, both dusts were more toxic to the cells but the increase in toxicity of chrysotile was more marked than with anthophyllite. The overall results are presented in Figure 4 , in which the SU,O of each dust by method B is plotted on a scale on which the S50 derived by using method A is expressed as 1.0. Generally method B ranked the dusts as more toxic, but the increased toxicity was particularly marked with chrysotile.
Comparison of Cells
All five dusts were assayed by using the three types of V79-4 cells and the two methods. The results, summarized in Tables 1 and 2 , are presented as the SR0 of each dust. These results are presented in an alternative form in Figure 5 , in which the S.,, obtained with the V79-H and V79-P cells for each dust are plotted on a scale on which the S. obtained with the V79-U cells equals 1.0. This method of displaying the results clearly shows that all the cells are equally sensitive to chrysotile but that V79-P cells are more sensitive to the remaining dusts by factors ranging from 2 to 8 times.
Discussion
The toxicity of a dust towards Chinese hamster V79-4 cells depends on several factors, some of which can be identified as affecting some dusts but 2) . For example, the toxicity of crocidolite, but not chrysotile, depends on whether the serum in the medium has been heat-inactivated. Similarly, V79-4 cells exposed to crocidolite, but not chrysotile, are more sensitive in suspension than cells already attached to a plastic surface. We report here that dusts exhibit altered levels of toxicity in different batches of fetal calf serum; some sera allow better discrimination between fibrous and nonfibrous dusts than do others. It is therefore wise to test a batch of serum before purchase, not just for cell growth, but also to assay the toxicity of standard dusts.
Relatively minor differences in methodology alter the toxicities of all types of dust tested, in particular, chrysotile. There are several explanations which could account for the enhanced toxicities found by using method B. Cells and dust particles are mixed together by using a suspension mixing device. Exaggerated cell/dust interactions in suspension during the period of mixing (approximately 15 min) may be an important parameter. Chrysotile asbestos is particularly sensitive to changes in particle morphology induced by physical forces. Fibrillation of the chrysotile fibers may account for the seven-to ninefold increase in toxicity found by using method B. There are significant differences in the cell:dust and cell:area ratios resulting from the two methods. The amount of dust for each cell in suspension (expressed as ,4g/mL) shows a twofold increase in favor of method A. After initial plating, method A provides a growth area of 0.11 cm2 cell, whereas method B provides only 0.04 cm/cell. However, neither of these factors can explain all of the observed differences. Albeit relatively trivial, a difference in methodology should be considered when interpreting results from independent laboratories. Probably of more significance is the finding that the relative toxicities of dusts varied with the type of V79-4 cells. These results emphasize the need for caution when using V79-4 cells from different sources to establish toxicity assays for predicting the potential pathogenicity of inorganic dusts. Several explanations could account for the different sensitivities exhibited by the three V79-4 lines used here. The cell lines may have beome contaminated during their many years (at least 20) in culture by other cell lines, or the cells obtained from separate sources may be sublines diverging from the original V79-4 line. Experiments are in progress to characterize the trypsin-banded karyotype of each of the V79-4 lines to confirm their species of origin and to determine the nature of any changes. As mentioned in the introduction, there are several possible stages of interaction, some of which will be rate-limiting, between a cell and a dust particle. Let us consider the first of these stages; namely the attach-193 ment of a dust particle to the cell membrane. Variations in the sensitivities of two cell types to a dust may be the result of the dust binding to the membrane of one kind of cell more avidly than to the other (assuming that subsequent steps are not ratelimiting). From the initial observations reported in this paper we have constructed a working hypothesis to explain the variations in sensitivity between the V79-4 cell lines and postulate that: (1) there are at least two distinct sites on the membranes of V79-4 cells to which dust particles can bind; (2) the amphibole dusts and chrysotile exhibit different affinities for two (postulated) binding sites; and (3) the two kinds of site occur in dissimilar ratios on the different cell surfaces.
Experiments which measure the rates of binding of chrysotile and the amphibole asbestos dusts to the three V79-4 cell lines are in progress to test this hypothesis.
